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IMTRODPCTION 



This invention relates to a process for enzymatically 
modifying soy protein by hydrolyzing an aqueous suspension of soy 
5 protein with an enzyme, deactivating the enzyme, and recovering the 
modified soy protein from the suspension; and the use of such 
modified soy protein as an egg white substitute. 



BACKGROUND OF THE INVENTION 



10 



An egg white substitute material which, briefly, i s a 
protein derivative exhibiting whipping or emulsifying properties 
can be produced by treatment of a soy protein substrate with a 
proteolytic enzyme. The substitute egg white material can be used 
15 xn a wide variety of nutritional materials and confectionaries, 
such as mousse. 



The thrust of the art has been to convert soy protein 
into an egg white substitute of ever greater payability and with 

20 ever more nearly the properties of egg white. Thus, a protein 

derivative, which is an enzyme hydrolyzed soy isolate, is described 
in -Functionality and Protein Structure", ACS Symposium 92, (1979) 
PP. 125 - 146 (J. Adler Nissen and H. Sejr Olsen, "The Influence of 
Peptide Chain Length on Taste and Functional Properties of 

25 Enzymatically Modified Soy Protein"), from which it appears that a 
series of hydrolysates of acid precipitated soy protein have been 
prepared using different enzymes and different DH-values (DH is an 
abbreviation for degree of hydrolysis, defined hereinafter), from 
which it was discovered that both the whipping and emulsifying 

30 properties of these soy protein hydrolysates had an optimum in a 
certain DH interval. The whipping and/or emulsifying ability of 
these soy protein hydrolysate is good, but open to improvement. 
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Also, soy protein derivates with excellent whipping 
properties are known, but they do not have a "sufficiently high 
nutritional value , and may even be bitter , which characteristically 
limits their application in food formulations. See, for example, 
5 J. Am. Oil Chemists' Soc., 56 March (1979) pp. 345 - 349. 

Workers in the art have suggested ways to alleviate some 
of the often present undesired properties in soy isolate hydroly- 
sate. Thus, U.S. Patent No. 4 , 100V024 (Adier-Nissen) teaches that 

10 bitterness can be avoided by a controlled hydrolysis of soy isolate 
with a microbial alkaline proteinase. U.S. Patent No. 4,431,629 
(Olsen), teaches that controlled hydrolysis of the soy protein 
coupled with removal of low molecular weight peptides from the 
hydrolysate by ultrafiltration produces a superior egg white 

15 substitute material from the soy protein, a material which exhibits 
excellent whipping and/or emulsifying ability and good nutritional 
value combined with absence of bitterness. 

The inventors hereof believe that ah egg white substitute 
20 material made by practice of this invention constitutes an 

improvement over the products made according to the aforementioned 
U.S. Patent No. 4,431,629 (Olsen). 

RATIONALE OF THE INVENTION 

25 

Heretofore, workers in the art seem to have assumed that 
most, if not all, proteinases are reasonably equivalent insofar as 
concerns their hydroly tic action on soy protein. For example, the 
U.S. Patent No. 4,015,019 (Sawada) suggests pepsin as the preferred 
30 enzyme for soy protein, but contemplates also many other proteina- 
ses, notably papain, acid protease, neutral protease. U.S. Patent 
No. 3,932,672 (Pour-El et aL) suggests preparation of an egg white 
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substitute material through treatment of the protein with ficin, 
bromelain, pepsin, trypsin or papain. Although the process of O S 
Patent No. 4,100,024 {Adler-Nissen) is keyed to microbial alkaline 
proteinase, and the process of the aforementioned U.S. Patent No. 
5 4,431,629 (Olsen) employs only alkaline or neutral proteinase, 
their rationale for soy protein hydrolysis is much the same as was 
taken by the earlier workers in the art. The proteinase exemplified 
xn the Adler-Nissen and olsen patents are non-specific or non- 
selective as to substrate and cleavage sites, being the general 
10 purposes proteinases that suggest themselves for any proteolytic 
action to a high DH, for totality of action so to speak. 

The inventors hereof adopted the premise that differen- 
ces, enzyme to enzyme, in their hydrolytic action on the soy 

15 substrate may become a principal basis for further improvement in 
egg white substitute products. With a proteinase capable only of 
rather selective activity, more of the most desirable cleavages in 
the soy protein chain may result and, undesired cleavages in the 
peptides may be reduced, or even eliminated. Studies by the 

20 inventors hereof support this rationale for achieving desirable 
degrees or types of hydrolytic cleavage in the soy protein 
molecules. Surprisingly, treatment with microbial rennets resulted 
in soy hydrolysates exhibiting superior product qualities. 
Treatment with the proteinase from Mucor miehei have produced the 

25 best results. 

BRIEF STATEMENT OP THE INVENTION 

In a first aspect the invention thus relates to a process 
30 for enzymatically modifying soy protein by hydrolyzing an aqueous 
suspension of soy protein with an enzyme, deactivating the enzyme, 
and recovering the enzyme modified soy protein from the suspension, 



BoH/JVe, 28 November, 1985, BoH (1) 2^5.2^^ 



10 



in which process the enzyme used is a microbial rennet, and the 
hydrolysis is carried on to a low DH, preferably in the range of 
from 0.25 to 2.5. 

In a second aspect the invention relates to an enzymati- 
cally modified soy P rotein> which is obtainable by hydrolyzing to a 
DH in the range of from 0.25 to 2.5 an aqueous suspension of soy 
protein with a microbial rennet, deactivating the enzyme, and 
recovering the enzyme modified soy protein from the suspension. 

In a third aspect the invention relates to the use of the 
modified protein according to the second aspect as an egg white 
substitute. 

15 DISCUSSION OF THE INVENTION 

The proteinase produced by Mucor miehei constitutes a 
widely employed microbial rennet. For details about this enzyme, 
reference is made to U.S. Patent No. 3,988,207 (Aunstrup) . The 

20 proteolytic action of this enzyme is rapid on some protein forms, 
and is slow or non-existent on other protein forms. On the whole, 
workers in the art consider the Mucor miehei proteinase a rather 
poor proteinase for general purposes vis-a-vis the neutral or 
alkaline proteinase from Bacilli . Much the same desirable 

25 selectivity has been found with other microbial rennets notably 
wath the proteinase from Mucor pusillus . The other comparable 
proteinases tested by the inventors hereof, calf rennet and pepsin 
for example, also hydrolyzed soy protein selectively, but the 
resulting hydrolysate exhibited properties believed to be less 

30 desirable. < 
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Treatment of soy isolate with microbial rennet o a „ „ 

somewhat lilted hydrolysis of the soy isolate- a 7JT T 
thereof being made ^XT^ SZ£?? 

treatment with alkaline proteinase. To achieve high yields of 

the protem fraction not solubilUed by the microbial rennet usina 
a more general purpose proteinase may be carried out. aTsth a 
subsequent treatment with alkaline proteinase is contemplated in 
^ practrce of this invention, as an optional mode thereof 

with a microt T°" 0n " "* iS ° late SOlUble »• treatment 

22 IZZT r net eXhiblte^ 1 - Pr<,Vea " hippi "* -P-'- ^ 
hvoToIv^ Properties. The total 

15 LI rMCt " Pr0dUCt ' ^ and insoluble 

soluble fraction alone ^ J^££ s^lT " * 

20 from B „ CC " P<,red analytically to the soluble fractions obtained 
,™ S ,T T ^ trMt ° ent Wltb the SH£P£ miehei proteinase 

««> and the Mucor pusillns Proteinase^eT^soluole faction 
xn the soy isolate hydrolysate treated with the Bacillus lichen 
^proteinase according to practice of O.S .Ta^nf,,^ 
25 1 ■ k, <adler -** lSSen) ' the commercial material "Gunther-s- 
25 whippable protein (staley, , the hydrolysates obtained by treatment 
»th pep S1 n and with calf rennet, significant composition 
deferences were found soy hydrolysate to soy hydrolysate. 

30 Po^PeptideTthT^.rwh'tr CO " tainS — 

"hippable protein and exhibited 

greater foam stability. Moreover, the MMSI soluble hydrolysate 
Products contained a ^peptide distribution pattern"!, a 



EioH/JVeV 28 November, 1985, BoH (1) 



0187048 

2695.200 



polypeptide of about 29,500 MW. This peptide was not found in 

unmodified soy isolate, nor in hydrolysates resulting from 

TM 

treatment with calf rennet, or ALCALASE 0 . 6L from B , lichenifor - 
mis (NOVO Industri A/S, Copenhagen, Denmark) (data not Shown) - This 
5 peptide is riot present in Gunther' s whippable protein. A 30,000 MW 
peptide was found in the pepsin treatment hydrolysate. In some 
tests, the : MMSI product exhibited thermoplastic properties which 
the crtteer soy hydrolysates did not. Measurable chemical and 
functional differences were found also between MMSI and the soy 
10 isolates modified by the other rennets. The chemical composition 
differences between hydrolysates made by treatment with the various 
rennets appear to be somewhat less pronounced than the functional 
differences found, rennet to rennet hydrolysate. 

15 An informal taste panel favourably evaluated strawberry 

and chocolate mousse made from the MMSI product. All the other soy 
isolate hydrolysates tested by the panel were considered inferior 
on the basis of flavour, texture, foam stability, or colour. 

20 PRACTICE OF THE INVENTION 

The present invention is described more detailed in the 
following sections with reference to the attached drawing whereon: 

25 Figs. 1 shows a flow sheet for a process according to the 

present invention including thereon ways to dispose of the 
considerable fraction of the soy isolate not solubilized by 
treatment with the microbial rennet (preferred mode treatment 
conditions have been legended in the flow sheet), 

30 
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Fig. 2a, b, c, and d show HPLC Chromatograms of the 
soluble fraction from soy protein isolates treated, respectively, 
with Mucor miehei proteinase, thermally destabilized Mucor miehei 
proteinase, Mucor pusillus proteinase, and pepsin, and 

5 

Fig. 3 shows electrophoresis patterns of soluble 
fractions from soy protein isolates treated with various proteina- 
ses. 

10 The term " s °y protein" as used herein is intended to 

refer to any form of concentrated soy protein which may, for 
example, be a purchased soy protein concentrate or, of course, a 
soy isolate made expressly for practice of this invention (in an 
installation that converts defatted soy meal into concentrated soy 

15 protein) . The protein concentration values provided hereinafter 
were calculated from the percentage of nitrogen measured according 
to Kjeldahl multiplied by 6.25. 

The treatment with microbial rennet is normally carried 
20 out at a temperature in the range of from 25°C to 50-C in the pH 
range of from 3.0 to 6.5 with a proteinase concentration that 
corresponds to an activity in the range of from 0.5 to 10 KRO/g, 
preferably from 1 to 4 KRO/g, of soy protein to treat and aqueous 
suspension containing a substrate concentration in the range of 
25 from 5 to 20% w/w soy protein, preferably from 8 to 15% w/w soy 
protein. Thereafter, the enzyme is inactivated by heating either 
the reaction mixture, or, less preferably, by heating the 
hydrolysate solution after removal of the insolubles. 

30 Hydrolysis is carried out until a degree of hydrolysis 

(DH) in the range of from 0.25 to 2.5 is attained. 
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The degree of hydrolysis (DH) is defined by the equation: 

DH - Number of peptide bonds cleaved x 100 
Total Number of peptide bonds 

Reference is made to J. Adler-Nissen, J.Agr.Food Chem. 
24(6), (1976) p. 1090 for a more detailed discussion of the degree 
of hydrolysis (DH) . 



10 



The number of the peptide bonds cleaved can be measured 
by means of the ninhydrin method. The ninhydrin method is described 
in Moore, S. and Stein, W.H. "Photometric Ninhydrin Method for use 
in the Chromatography of Amino Acids", J. Biol. Chem. , 176 (1948) pp. 
367 - 388 to which reference is made. Measurement can be made by 
15 the trinitrobenzenesulfonic acid method as is described by J. 

Adler-Nissen in J.Agr.Food Chem. 27(6) (1979) pp. 1256 - 1267. This 
is the Trinitrobenzenesulfonic Acid (TW65) method, to which 
reference is made. 



20 



The given range for protein and enzyme proportions 
provides at the minimum, sufficient enzyme to avoid too low a 
hydrolysis rate, and, at the maximum still avoids excessive enzyme 
usage and cost. Hydrolysis should be carried out on the relatively 
flat upper part of the Michaelis-Menten plot for the microbial 
25 rennet with soy protein. 

Enzymatic hydrolysis of the soy isolate is halted, e.g. 
by heating the reaction mixture, before the bitter tasting low 
molecular weight polypeptides appear in the hydrolysate . since the 
30 microbial rennet is relatively heat stable, special attention 
should be paid to attaining complete thermal deactivation of the 
enzyme. It is noted, therefore, that thermally destabilized forms 
of the Mucor miehei proteinase are commercially available. However 
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soy hydrolysate produced by treatment with this form of the 
mxcrobial rennet is not completely the same as hydrolysate made 
with unmodified microbial rennet; the properties are not as 
superior. Unmodified Mucor miehei proteinase is the preferred 
5 enzyme for practice of this invention. 

If desired, conduct of the hydrolysis reaction may be pH 
controlled with a pH-stat and may be conducted to a predetermined 
DH level all as suggested by the aforementioned U.S. Patent No 

10 4,100,024 (Adler-Nissen) . With microbial rennets immediate " 

quenching of the reaction when the desired DH has been attained has 
not been found necessary. However, removal of low molecular weight 
peptxdes from the soy hydrolysate solution by ultrafiltration, as 
xs suggested by the aforementioned U.S. patent No. 4,431,629 

15 (Olsen), may be carried out and is contemplated. 

As compared to many prior art suggestions for proteolytic 
hydrolysxs of soy protein, the DH range of from 0.25 to 2.5 

20 rrr? a T r r practice ° f th±s inventi ° n is -^ly ^ and 

20 a -elatxvely low yield of solubilized hydrolysate is expected. Low 
DH and low yield go togegher, as is known to the art. U.S. Patent 
No. 4,100,024 (Adler-Nissen) points out that with alkaline 
proteinase limiting DH to roughly 10 leaves about 40% w/w of the 
soy protein still insoluble. Hydrolyzing to not more than DH 2 5 
wxth mxcrobial rennets, namely hydrolysis with proteinases 
noteworthy heretofore only for milk coagulating capability, could 
be expected to solubili 2e relatively little soy protein, it is 
surprxsxng therefore that more than 30% w/w of the soy protein may 
be solubxlxzed by treatment with Mucor miehei proteinase. 
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Since an uncertain level of interdependence appears to 
exist in the effect of controllable parameters e.g., enzyme and 
substrate concentration, reaction pH, DH" on yield and best product 
properties, testing may be advisable to establish optimum 

5 IZTiV™ T Plant . PraCtic * ° f th - invention. The preferred mode 
conditions for practice of this invention herein exemplified were 
drawn from results of bench scale and small pilot level test 
studies, and, therefore, the details thereof may not be optimum for 
practice of this invention on larger scale 

10 

Reverting now to Pig. i Q f the attached drawing whereon 
xs illustrated a flow sheet and details for preferred practice of 
this invention, it is noted that practice of this invention may 
include as an option commencing with soy meal and conversion of 
15 (defatted) soy meal into the soy isolate to be treated with 

microbial rennet. Doing so allows return of the high proportion of 
the soy protein that has not been insolubilized into soy isolate 
products made therein for purposes other than practice of this 
invention . 

20 

Under the preferred process conditions, soy isolate is 
hydrolyzed with the microbial rennet employing, for example, 2 
KRD/g of soy protein, at 50°C and p H 6.5 to a DH of about 1 
whereafter the enzyme in the reaction mixture is deactivated by 
25 heating to 80<>c. Typically, 30 - 35% „/ w of the soy isolate is 
solubilized. Then the insolubles are removed from the reaction 
mixture, e.g., by settling or centrifugation, generating thereby 

L ultTf^'T 1011 (MMSI) * 0pti0na11 *' the TOysate solution 
,n * f? aflltGred - ThC mS1 solution normally is pH adjusted to 

30 P H 6.5, then (spray) dried to generate a solid (powder, product 
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tea for T °" "~ ^ ° pti0 " al fe ""« contempla- 
tion Z "T" ° £ thiS inVen "° n inSta " CeS — soXubiliL- 
txon of greater proportions of the soy protein is desired. 

5 • , „, * Prefer ' ed £or i-creasin, yield is to treat the 

O r pT t fr r iOT aCCOrdin9 t0 PrSCtiCe ° £ *°«"e»tio„ed 
Idit , r ' 100 ' 0J4 (M, - M «-«> keratin, thereby 
TT Pr ° tein so^ or an of which is 

10 "nnet^^ T^*" ^ * with l^Ial 

12 b a PB / a3USted - - »— Proportions ontdrT 

weight basis of MMSI and koph fr-=~4-- 

im*± ana ISSPH fractions may be present in the 
mixed hydrolysate product. 

15 Mention has already been made that the preferred 

microbial rennet is the Mucor miehei proteinase (unmodified for 
reduction in thermal stability,. This enzyme is m 
hydrolyzmg soy isolate than calf rennet or the Mucor pusi!!^ 

20 f° : h inaSe ' ^ ther,nally -ucor -^f^L. 

20 for that matter). The Mucor miehei proteinases LL 1 age 

and less time to hydroly.e soy isolate to the OH 0.5 level emp^ 

for the comparative study hereinafter described. 

PRODUCTS 

25 

The extent to which each proteinase enzyme produces a 
unique soluble soy hydrolvs^ ma „ x proauces a 

29 son mw , 0y . nydr0lysate ma y K e seen in Pigs. 2 and 3. The 
29 500 MW polypeptide results from treatment with the Mucor miehei 

30 2 TrZ' Treatment ^ ^ proteina^ n r^ 

30 pepsin produce a 30,000 MW polypeptide, but treatment with calf 

rennet produces no polypeptide of MW between 21,500 and 39 500 Sov 
isolate contains peptide fractions of about 41,000 MW an <" 00 0 • 
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that are not present in the hydrolysate made with unmodified Mucor 
miehei proteinase, but which can be found in hydrolysates made with 
thermally destabilized Mucor miehei proteinase, Mucor pusillus 
proteinase and calf rennet. Treatment with pepsin removes a 
5 polypeptide of about 22,200 from soy isolate, but such a polypep- 
tide is present in the hydrolysates made with all of the rennets. 

On Fig. 3, light shading has been provided to indicate 
the components present in relatively low proportions. Thus, Fig. 3 

10 shows that the soy isolate components indicated by: the two bands 
between 66,200 and 92,000 m.w.; the band at about 35,000 m.w.; and 
the band at 21,500 m.w.,- are all diminished by the treatment with 
Mucor miehei proteinase to DH 0.5. When the treatment is carried 
out to DH 1.2 these components disappear altogether. However, the 

15 component indicated by the band at 15,000 m.w., also diminished by 
treatment to DH 0.5, is still present after treatment to DH 1.2. 

Soluble soy hydrolysates made with all of the microbial 
rennets exhibit properties overall that are believed to be superior 

20 vis-a-vis the prior art egg white substitutes. The MMSI product 
made with (unmodified) Mucor miehei proteinase is believed to be 
best, and is preferred. This MMSI product is completely water 
soluble above pH 6 and below pH 3. Minimum solubility of about 79% 
w/w is at about pH 4 . Mention has already been made that this 

25 product exhibits good whipping expansion and foam stability 
properties, as well as good organoleptic properties. 

For further understanding of this invention the following 
examples of practice thereof are presented. 

30 
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Example 1 
MMSI 

5 80 g of soy isolate (Edi-Pro A brand from Ralston Purina 

Co. ) were combined with water to make up to one liter and 5N NaOH 
added to adjust the pH to 6.5. In addition, CaCl 2 was added to give 
a concentration of 10g/100 litre. The reaction mixture was heated 
to 50°C. After the temperature reached 50°C, proteinase from Mucor 
10 miehei (4% w/w of protein) was added. Dosage was 2 KRU/gm of soy 
isolate . 



During hydrolysis pH was kept constant at 6.5 by the 
addition of 0.05N NaOH. The degree of hydrolysis was calculated o: 
the basis of the consumption of base by means of the relationship 
according to J. Adler-Nissen (J.Agr.Food Chem. 24(6) (1976) p. 
1090). 



At DH = 1.2, the hydrolysis was terminated by heating the 
20 reaction mixture to 80°C for 10 min. The reaction mixture 

hydrolysate was centrifuged and the supernatant was designated as 
"MMSI - Soluble Fraction" . 

Separate portions of MMSI - whole hydrolysate and MMSI - 
25 S.F. (soluble fraction) made as described above were dried and 
analyzed for food functionalities. The desirable functional and 
organoleptic properties already commented upon herein were found to 
exist. 
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Example 2 

A comparative study was conducted as follows: ' 

5 Enzymes 

Enzymes used for the study are listed in the following 

Table. 

0 TABLE 1 



20 



30 



Enzymes 


Specific Activity 


Dose 




KRD/g 


% w/w E/S 


a. Mucor miehei 






Proteinase (Rennilase™ 


53.09 


4 


NOVO Industri A/S, 






Copenhagen, Denmark) 






b. Destabilized Mucor 






miehei Proteinase (Renni- 


49.13 


4 


lase™ TL, NOVO Industri A/S, 




Copenhagen, Denmark) 






c. Calf Rennet 


17.15 


8 


d. Mucor pusillus 






Proteinase (Emporase™ 


55.26 


4 


Diaryland Food Labs. Inc., 






Waukesha, Wl, USA) 






e. Pepsin 


3160 Pepsin U/mg 


0.25 




Protein 
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Substrate 



Co. mu yP ro ^- ein isolate, Edi-Pro A brand (Ralston Purina 
Co.). The substrate concentration of soy isolate, was 8%. The 
5 protein concentration of the Edi-Pro A was 93.4% w/w . 

Hydrolysis Par^ and Samples Preparation 

Soy isolate was incubated with each enzyme (except 
10 peps.n) at P H 6.5 at an E/s (Enzyme/Substrate, shown in Table 1 Xn 
most cases the hydrolysis temperature was at 50-C. 

Hydrolysis with the thermally destabilized Mucor miehei 
15 5oTc ^ ^ ^ ^ 30 ° C ' b6CaUSe " iS 

Since pepsin is not active at p H 6.5 and 50-C, the 

wL a? 0 sl 2 s 5 r as / car f ed out at pH 2 and 4ooc - The ^ — 

20 a^usted'b \T ^ ^ the ^ tion mixture was 

^0 adjusted back to pH 6.5 with NaOH. 

When hydrolysis reached a DH of 0.5, the reactions were 

r e Ctl T? y heat±n9 ^ 8 °° C ^ 10 m±nUteS - The ^lysates 
25 rT r ^ l0 '° 00X9 20 The -PernatLts 

fractions were used for whipping tests, HPLC, and SDS polyacryla- 
mide gel electrophoresis analyses. POiyacryla 
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1 

Analysis and Test Results 

A. Methods Used to Monitor Proteolytic Reactions 

5 Osmometry and pH-Stat were used to monitor proteolytic 

reactions. The pH-Stat method was conducted according to procedures 
described in "Functionality and Protein Structure", ACS Symposium 
92 (1979) pp. 125 - 146 (J. Adler-Nissen and H. Sejr Olsen, "The 
Influence of Peptide Chain Length on Taste and Functional 
10 Properties of Enzymatically Modified Soy Protein" ) . The NaOH 
solution used was 0.05N. 

For osmometry, aliquots (2 ml) of samples were measured 
immediately for their osmolality using an osmometer. Net osmometer 
15 readings were obtained by substracting the initial, zero time, 

readings from later ones. These values are related back to DH using 
a standard curve. 



Hydrolysis conditions and the times required for each 
20 enzyme to reach DH 0.5 is tabulated below. 
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Table 2 



Enzymes 



Mucor miehei 



Conditions 
(% v/w) 



Approximate time required 
to reach 0.5 DH (hours) 



TM 



Proteinase (Rennilase 

NOVO Industri A/S, 

Copenhagen , Denmark) 

10 Destabilized 

Mucor miehei 

Proteinase (Renni- 
TM 

lase TL , NOVO Industri 
A/S, Copenhagen, Denmark) 
15 Mucor pusillus 

Proteinase (Emporase™ 
Diaryland Food Labs. inc. 



6.5, 50°C 
8% S, 4% E/S 

pH 6.5, 30°C 
8% S, 4% E/S 
Redose 4% E/S 
after 3 hours 

pH 6.5, 50°C 
8% S, 4% E/s 



20 Calf Rennet 


PH 6.5, 50°C 


4 




8% S, 8% E/S 




Pepsin 


pH 2.0, 40°C 


0.42 




8% S, 0.25% E/S 




25 B - Foam Expansion Tests 



Foam expansion tests were performed according to the 
method of Knuckles and Kohler, J.Agr.Food Chem. 30 (1983) p. 748 

30 The whipping conditions were 2.5% protein in 0.01M 

potassium phosphate buffer at pH 5.0. The protein solutions were 
ammediately whipped in a Sorvall Omni-Mixer at 5,000 RPM for 3 
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minutes. The foams were transferred to a 250 ml graduated cylinder 
and the initial volume recorded. Percent Volume Increase was 
calculated using the formula below. 

5 % Vol. Incr. = Final Vol. - Initial Vol. x 100% 

Initial Vol. 



Foam stability was reported as the % volume increase 
10 remaining at the time of the measurement (20-30 minutes intervals 
over 4 hours) . ^ 

The foam expansion results are tabulated below. 
15 Table 3 



Soy Isolate 


% Volume 


% Volume 


Hydrolysate 


Initial 


After 


20 Made With 


Increase 


4 Hours 


Control (no enzyme) 


75 


66 


Mucor miehei 


206 


206 


Proteinase 






Destabilized 


150 


146 


25 Mucor miehei 






Proteinase 






Mucor pusillus 


150 


146 


Proteinase 






Calf Rennet 


83 


80 


30 Pepsin 


306 


296 
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A 1 DH MMSI hydrolysate, a more preferred MMSI product of 
this invention, was tested against Gunther's whippable protein. It 
exhibited about equal foam expansion but had greater foam stability 
than the commercial product, which is believed to be made using 
5 pepsin. ^ 

HPLC Reversed-Ph ase Chromatography (RPC1 

Samples were dissolved in 0.2M potassium phosphate 
10 buffer, P H 7.5. The samples were filtered through a 0.45 urn 
Millipore filter before RPC analysis. 

The RPC chromatograms, which are posed as Fig. 2 herein 
show that soy isolate modified by Mucpr enzymes are chemically 
15 similar (Pi gs . 2a , 2b ^ 2c)> p ^ 

hydrophilic peaks than soy isolate modified by pepsin (Pig. 2d) . 
Sodium DQdecyl Sulf ate P ol ya crylamide 6*1 Ri ectrophoresis fM - 



20 



Protein samples were analyzed by SDS-PAGE according to 
Weber and Osborn, J.Biol.Chem. 244(16) (1969) p. 4406. Slab gels 
with 15% w/w polyacrylamide were used. 

25 The "suits are posed as Fig. 3 herein. 

m^f „ ^l'*'*' " ChemiC3ll y «"ferent from the soy isolates 
modified by the other enzymes (see Fig. 3 ). MMSI lacks the 

30 P °d y r P !T S ^ 41/000 ^ 48 '°° 0 ^ WMCh ^ *" Se <* ^ P-teins 
30 modified by the other renneting enzymes. In addition, calf rennet 

modified soy isolate does not possess the polypeptide at 29,500 MW 
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that the Mucor modified soy isolates have. Further, pepsin modified 
soy isolate is different from MMSI because it lacks the polypeptide 
at 22,200 MW. 

5 Solubility 

Five grams of each MMSI-S.F. was added to separate 
quantities of water at 100 ml each (5% w/v solution) and stirred 
for 5 minutes. The pH of each solution was adjusted to various 
10 points in a pH range of from 2 to 10. After stirring for 15 
minutes, the solutions were centrifuged at 3,000 X g for 10 
minutes. Two grams of the supernatant were dried in an oven at 
130 °C for 1 hour. 

15 Percent solubility was calculated using the formula 

below. 



20 



% Solubility = Wt. of Solids in Supernatant X 100% 

Total Wt. of Solids 



MMSI-S.F. solubilizes completely in water above pH 6 and 
below pH 3. In addition, the solubility curve shows minimum 
solubility between pH 3 - 6. The least solubility value is 79%, 
25 such being at about pH 4. 

CONCLUSION 

The test study described above shows that MMSI is a 
30 unique protein form chemically and functionally different from the 
soy hydrolysates made by treatment with other proteinases. 

The features disclosed in the foregoing description, 
in the following claims and/or in the accompanying drawings 
may, both separately and in any combination thereof, be 
material for realising the invention in diverse forms thereof. 
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CLAIMS 



1# ; A Process for enzymatically modifying soy protein by 

5 hydrolyzing an aqueous suspension of soy protein with an enzyme, 
deactivating the enzyme and recovering the enzyme modified soy 
protein from the suspension, characterized in that 
said enzyme is a microbial rennet, and that the hydrolysis is 
carried on to a low DH, preferably in the range of from 0.25 to 
10 2.5. 

2. Process according to Claim 1, characterized 
in that said rennet is a Mucor miehei, Mucor pusillus or 
thermally destabilized Mucor miehei proteinase. 

15 

3. Process according to Claim 2, characterized 
in that the enzyme is the Mucor miehei proteinase. 

4. Process according to any of the Claims 1 to 3, 
20characterized in that the hydrolysis is carried on 

to a DH of 0.25 to 2.5% with an enzyme concentration in the range 
of from 0.5 to 10 KRU per g of soy protein, at a substrate 
concentration in the range of from 5 to 20% w/w soy protein, and 
at pH in the range of from 3 to 6.5 

25 

5. Process according to any of the Claims 1 to 4, 
characterized in that the hydrolysis is performed 
at a temperature in the range of from 25 to 50°c. 
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6. Process according to any of the Claims 1 to 5, 
characterized in that the residual insoluble soy 
protein is separated from the supernatant of the suspension, the 
enzyme modified soy protein is recovered from the supernatant, 

5 the residual insoluble soy protein is treated with an alkaline 
protease, and the thereby solubilized soy protein is mixed with 
said enzyme modified soy protein. 

7. Enzymatically modified soy protein, character- 
10 i z e d in that it is obtainable by hydrolyzing to a DH in the 

range of from 0.25 to 2.5 an aqueous suspension of soy protein 
with a microbial rennet, deactivating the enzyme and recovering 
the enzyme modified soy protein from the suspension. 

15 8. Use of an enzymatically modified soy protein according 

to Claim 7 as an egg white substitute. 
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/4,400 
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